Summary.
The periodontal ligament-cementum interface of rat first molars was investigated by electron microscopy.
Evidence For the remodeling and renewal of connective tissues in the periodontium, the orderly and specific removal of nonfunctional, denatured collagen fibrils and their replacement with newly synthesized collagen are needed. In practice, Phagocytosis of collagen fibrils by fibroblasts has frequently been demonstrated in the periodontal ligament (TEN CATS, 1972; LISTGAR-TEN, 1973; BEERTSEN et al., 1974; TEN CATS and DEPORTER, 1974; ELEY and HARRISON, 1975; GARANT, 1976; TEN CATE et al., 1976; BEERTSEN et al., 1978; SHORE and BERKOVITZ, 1979; SCHELLENS et al., 1982) , gingiva (TEN CATE, 1972; FRANK et al., 1977; YAMA-SAKI et al., 1981) and periodontal fibroblasts in vitro (YAJIMA and ROSE, 1977; SVOBODA et al., 1979; ROSE et al., 1980; MELCHER and CHAN,1981; YAJIMA, 1986 YAJIMA, , 1988a . Thus, it has become apparent that fibroblasts are responsible for the secretion and resorption of collagen during its remodeling and turnover. Periodontal fibroblasts play an important part in collagen resorption through phagocytosis and collagen degradation within their lysosomal system.
In physiologic tooth eruption and migration, it has been suggested that the continuous remodeling of periodontal ligament fibrils occurs at the ligamentcementum and ligament-bone interfaces.
In many previous studies, detection of collagen resorption by fibroblasts has been limited to observations of the central regions of the periodontal ligament. Recently, DEPORTER and BROWN (1980), and DEPORTER and TEN CATE (1980) have provided ultrastructural evidence showing that periodontal ligament fibrils anchored directly to alveolar bone or cementum might be resorbed by fibroblasts. Apart from the contribution by DEPORTER and colleagues, however, few data are available on the mechanisms and regulation of these processes and, as far as we know, the role of cementoblasts in the romodeling is still unknown.
In this study, we present some observations of cementoblasts involved in collagen phagocytosis at the periodontal ligament-cementum interface of rat molars. We also discuss a possible role for cementoblasts at this site.
MATERIALS AND METHODS
Male rats of the Wister strain weighing 300-340g (3-month-old) were used. The animals were anesthetized by intraperitoneal injections of sodium pentobarbital (2.5mg/100g body weight) and fixed by per- fusion for 10 min through the ascending aorta with a cold mixture of 2% paraformaldehyde-2% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2). Mandibles were immediately dissected free of the surrounding tissues and further fixed by immersion in the same fixative for an additional 12 h at 4C. The fixed mandibles were next decalcified in 0.1 M EDTA in 0.1 M cacodylate buffer containing 2% glutaraldehyde (pH 7.2) for 3-4 weeks at 4C, and first molars with associated alveolar bone were then further trimmed with a razor blade to produce blocks of tissue. They were postfixed with 1% OsO, in 0.1M cacodylate buffer (pH 7.2) for 1 h at 4C, stained en bloc with 1% aqueous uranyl acetate, dehydrated with ethanol and propylene oxide, and embedded in Epon 812. Ultrathin sections were stained with tannic acid, uranyl acetate, and lead citrate, and examined with a JEOL 100-CX electron microscope.
Cytochemistry of acid phosphatase (ACPase) Demineralized tissue blocks were cut into thin slices with a Microslicer. These slices were preincubated in a modified Gomori lead medium without substrate as described by NOvIKOFF (1963) and then incubated for 1 h at 37C in the complete medium (containing substrate).
Control tissues were incubated in the complete medium containing 10 M NaF or in the medium lacking the substrate. Following incubation, the specimens were rinsed in cold 0.1 M acetate buffer (pH 5.0) and then postfixed. After postfixation and other treatment, dehydration, embedding in Epon 812, and sectioning were performed as described above. These sections were stained with uranyl acetate and lead citrate or with lead citrate only. No nonspecific enzymatic reaction products of ACPase were observed in control specimens.
RESULTS

In this study, observations
were restricted to the periodontal ligament-cementum interfaces of the roots of the mandibular first molars.
These zones were found to be lined by one layer of cementoblasts which had a cuboidal or cylindrical morphology oriented mainly perpendicular to the cementum surface; large bundles of periodontal ligament fibrils between the cementoblasts were inserted into the cementum as Sharpey's fibers. The cementoblasts contained well developed rough endoplasmic reticulum, Golgi complex, and mitochondria, characteristic features of protein-synthesizing and proteinsecreting cells (Fig. 1) . Additionally, these cell organelles were concentrated in the cytoplasm adjacent to the cementum surface. Cell bodies or processes of cementoblasts were observed to be in contact with the cementum surface (Figs. 1-4) .
Occasioral collagen fibrils with one end still inserted into the cementum were found within cementoblasts (Fig. 2) , and several fibrils were seen in long, intracellular channels present within the cell processes and in the cell bodies including those of the Golgi region (Fig. 3) . Many of these structures were oriented parallel to the extracellular collagen fibrils. Although some of these collagen fibrils surrounded by an electron-lucent material may have been not yet wholly internalized, this observation is considered an early stage of the dynamic process of phagocytosis (SVOBODA et al., 1979; YAJIMA, 1986) . The space between the membrane and fibrils became filled with electron-dense matrials; electron-dense, collagen-containing vacuoles were observed in the cementoblasts (Figs. 3-5) . Collagen fibrils within the phagolysosomes demonstrated various stages of degradation. ACPase reaction products were present in these collagen-containing phagolysosomes (Fig. 6 ). Residual bodies containing still recognizable banded collagen fibrils were observed within some cementoblasts. There did not seen to be any significant extracellular digestion of collagen fibrils.
At a short distance from the cementum surface, spindle or slender, elongated fibroblasts were oriented parallel to the direction of the collagen fibril bundles. Cellular processes from those fibroblasts extended to the cementum surface: some of them were engaged in the phagocytosis of collagen fibrils.
In agreement with SELVIG (1965) tionship between ACPase activity and collagen degradation has been reported (WOESSNER, 1968; PEREZ-TAMAYO, 1970) . Thiol proteinases, such as cathepsin B, N, H, and L, are active at acidic pH and also can degrade collagen fibrils within lysosomes (ETHERIN. GTON, 1976; BARRETT, 1980) . Additionally, lysosomes have an acidic pH microenvironment, so that the intralysosomal collagen might undergo denaturation before digestion occurs (HIRAYAMA et al., 1969) . Therefore, it is evident that cementoblasts have a phagocytotic activity, and are able to ingest and subsequently degrade collagen with their lysosomes. In addition to the reports of DEPORTER and colleagues (DEPORTER and BROWN, 1980; DEPORTER and TEN CATE, 1980) , our finding that cementoblasts can resorb collagen fibrils at the cementum-periodontal ligament interface in the absence of active cementum resorption seems noteworthy, because it could point to the existence of a more flexible mechanism of collagen resorption, which seems to allow the remodeling of one part of a fibril while the remainder is still inserted into the cementum. The notion that cementoblasts are able to resorb the mineralized matrix of cementurn during remodeling is here put forward for the first time, and will require further investigation.
Both periodontal ligament fibroblasts and cementoblasts are derived from mesenchymal cells in the dental sac and contain common organelles characristic of collagen and glycosaminoglycan synthesis and secretion. Although there have been many reports from the ultrastructural perspective of cementoblasts and fibroblasts, no distinguishing characteristic specific for either of these two cell types has been found (YAMASAKI et al., 1987) . However, the cells engaged in the phagocytic process described here were presumed to be cementoblasts due to their It has long been held that phagocytosis of collagen fibrils followed by their degradation by cellular lysosomal enzymes represents a biological mechanism of collagen resorption (WOESSNER, 1968) . Our previous in vitro experiments have clearly indicated in an electron-lucent collagen-containing phagolysosome. c. ACPase activity is confined to the electron-dense matrix of a collagen-containing phagolysosome. C cementum. a: x10,500, Inset: x23,000, b: x49,000, c: x31,500 that the cleavage of collagen into small pieces may not be a necessary prelude to phagocytosis of collagen fibrils and that digestion of whole fibrils by fibroblasts can be initiated and completed intracellularly during normal metabolic activity (YAJIMA, 1986 (YAJIMA, , 1988a . Our present results suggest that similar processes could occur within cementoblasts in vivo.
Therefore, in addition to the cementoblast function of synthesizing and secreting the matrix of the cementum, this cell type also appears to be capable of phagocytosis and the disintegration of collagen at the ligament-cementum interface. Thus, phagocytosis and intracellular degradation of collagen fibrils by cementoblasts may represent one of the remodeling mechanisms operative under physiological processes such as eruption, compensation for occlusal abrasion, and the distal drifting of molars (GILMORE and GLICK-MAN, 1959; DEPORTER and TEN CATE, 1980) . The pathway of intracellular digestion of collagen indicated from our observations, however, does not exclude the possibility of extracellular digestion of collagen by neutral metalloproteinases such as collagenase and other lysosomal enzymes. 
